The possibility of the entry of morbific material into waterpipes during intermissions of water-service is self-evident. It is not so evident, nor is it, I Again, an excessive and sudden "draw" upon a water-service at the lower levels of a system may lead to the formation of
Here velocity (b) will be a plus quantity, and pressure (a), correspondingly reduced below the normal atmospheric pressure, a minus quantity. In other words, at that part of the stream where velocity is greatest, there will be a partial vacuum ; and if it happen to be " tapped"?placed in communication with the external air or what not, by an accidental or other opening in the wall of the pipe?strong insuction, all the stronger for a greater " head" of water, will there occur.
Again, an excessive and sudden "draw" upon a water-service at the lower levels of a system may lead to the formation of partial and momentary vacua above ; or, in the lower levels, the same result may follow interference above (as, for example, by the formation of "air cushions") to the flow of water.
Dr. Buchanan, investigating this subject in connection with his inquiry into typhoid-fever prevalence in Croydon, summarises as follows the conditions under which he found by experiment that indraught occurred through apertures in the sides of pipes running full of water:?" (1) The lateral incurrent is freely produced when the water-pipe is descending, and when the pipe beyond the hole is unobstructed ; (2) if the force of water-flow in a descending pipe be moderate, a moderate degree of obstruction beyond the hole does not prevent the incurrent; (3) in horizontal pipes of uniform calibre, when the flow is strong, or the pipe beyond the hole is long, or when the end of the pipe is at all turned upwards, the incurrent does not take place ; but (4) There were other variations in the incidence of the disease within the epidemic area, as I will presently show.' In no case, however, did they weaken, but on the contrary they served to strengthen, the conclusion deducible from the foregoing facts. They may be more conveniently discussed in considering the origin of the water-contamination.
The earlier history of enteric fever in the district is found to have an important bearing upon this inquiry. has been one continuing focus?that at one particular point in the neighbourhood of the main, from which access to the water was possible, the elaboration of the fever poison has been in progress.* Evidence bearing upon this point (one, it will be seen, of great etiological interest) is found in the study (keeping still to the later years) (1) of the locality of initial contamination of the water, as indicated by the earliest appearance of the disease in its various manifestations; and (2) of the general behaviour of the disease itself in its endemic prevalence.
As these general considerations naturally assist in the comprehension of the more particular phenomena, they may be first discussed.
The diagram (Fig. 1) (Fig. 1.) Comparing now the above chart with the one that follows illustrating the seasonal prevalence of enteric fever in places where the disease is endemic, or places in which the study is of such broad proportions that natural characteristics attaching to the disease are necessarily displayed, it will be found that its curves are, with slight exceptions presently to be noticed, those natural to the disease itself. (Fig 2. On the other hand, this was the very locality that suffered most during the endemic interval. At that time Oxford Street and the half-dozen houses immediately abutting upon it in the Daren Road contributed the majority of the fever cases.
There was this difference in the circumstances of watersupply during the two periods. In the summer, when a nightly discontinuance of the service has to be enforced, it has been the custom to close a valve at the top of the Oxford Street main, thus cutting off the supply of water to the whole of the district served by it, but preserving the unity of the system ; in the spring and winter there have been frequent intermissions necessitated for the purposes of repairs, etc., but these have been quite temporary, and, when made in Oxford Street, a second valve at the lower part of the street, just below the Daren Eoad turning, has been closed in addition to the first, in order, as it is stated, to prevent the water from beyond that point from "coming back upon the workpeople"; for the descent from Oxford Street is not continuous throughout the system, the mains having again to rise at Miskin. The short section thus isolated is then quickly emptied of water. The difference would result in this, that after the nightly intermissions of the summer months the morning inflow of water would find (except perhaps for some dip in the pipes here and there where stagnation of the previous day's water might have occurred) a free course open for it throughout the system; after the irregular intermissions I have spoken of the inflow would meet, possibly the closed second valve, or if that had been opened, unless the intermission of supply had been unusually prolonged, a body of back flowing -water. In either of the latter cases the tendency would be to limit the first flow of water, and with it the impurities that had reached the pipes during the intermission, to the first section of the main and its house-services. This will be better understood when I explain the exact circumstances of the latter.
The houses in Oxford Street are supplied direct from the 6-inch main, the house service-pipes leaving the main through a ferrule inserted in the crown of the latter, those of Daren Eoad and Bruce Street from sharply rising 3-inch branches.
It might be supposed that impurities reaching the Oxford Street main during intermissions of supply would be swept onward past these channels towards the lower levels, by the first flow of incoming water providing that the course was clear. The steep gradients of Bruce Street and Daren Eoad would, moreover, effectually prevent any lodgment or stagnation during the intermissions of supply.
The circumstances of the Henry Street main are exactly the reverse of all this. It is a descending terminal (dead-end) branch. It would take its full share of the first rush of water down Oxford Street, and all impurities would have to be withdrawn through the house-taps.
The Ifor Street service-pipe is a terminal (dead-end) branch from Daren Eoad, and on the theory of a sole sufficient focus of infection on the line of the Oxford Street main it is difficult to understand why this street should have suffered more than its immediate neighbours, Oxford Street and Daren Eoad. In the outbreak of 1886, indeed, only one house of the ten was invaded, but in that of 1887 there were seven, and 30 per cent, of the inhabitants suffered.
The pipe (a 3-inch) is about fifty-three yards long, possesses a gradual ascent from Daren Eoad, and when laid bare was found in good condition. On the other hand, at the top or distal end it supplies by service-branches, without the intervention of any cistern or flushing box, two school closets, the pipes passing straight from the main into the closet-pans.
When the water in the main was turned off, and the tap of one of these closets opened for a moment, suction of air up the pipe was immediately heard. The school was broken up from July 13th to August 16th for the summer holidays. Two of the children were attacked by the fever before that date and others subsequently, so that the closets would be almost certain to receive the specific poison of typhoid. Evidently this particular main was liable to secondary local contamination.
In the lower division of the infected area (Miskin and Penrliiwceiber Eoad) no such diversity in the distribution of the fever' as that experienced in the upper locality was exhibited. In the epidemic of 1887, Glyn Gwyn Street showed the lowest proportion of infected dwellings, viz., 54 
